Addiction is characterized by a high propensity for relapse, in part because cues associated with drugs can acquire Pavlovian incentive motivational properties, and acting as incentive stimuli, such cues can instigate and invigorate drug-seeking behavior. There is, however, considerable individual variation in the propensity to attribute incentive salience to reward cues. Discrete and localizable reward cues act as much more effective incentive stimuli in some rats ('sign-trackers', STs), than others ('goal-trackers', GTs). We asked whether similar individual variation exists for contextual cues associated with cocaine. Cocaine context conditioned motivation was quantified in two ways: (1) the ability of a cocaine context to evoke conditioned hyperactivity and (2) the ability of a context in which cocaine was previously self-administered to renew cocaine-seeking behavior. Finally, we assessed the effects of intra-accumbens core flupenthixol, a nonselective dopamine receptor antagonist, on context renewal. In contrast to studies using discrete cues, a cocaine context spurred greater conditioned hyperactivity, and more robustly renewed extinguished cocaine seeking in GTs than STs. In addition, cocaine context renewal was blocked by antagonism of dopamine receptors in the accumbens core. Thus, contextual cues associated with cocaine preferentially acquire motivational control over behavior in different individuals than do discrete cues, and in these individuals the ability of a cocaine context to create conditioned motivation for cocaine requires dopamine in the core of the nucleus accumbens. We speculate that different individuals may be preferentially sensitive to different 'triggers' of relapse.
INTRODUCTION
The most difficult problem in treating addiction is a high propensity for relapse, despite an expressed desire to remain abstinent. This is in part because the many cues associated with drug use can acquire powerful Pavlovian incentive motivational properties (incentive salience), and thus persistently goad addicts to seek and take drugs (Robinson and Berridge, 1993; Stewart et al, 1984) . Drug cues can contribute to relapse by a variety of psychological mechanisms. For example, acting as incentive stimuli drug cues can: (1) become attractive, eliciting approach toward locations where drugs may be found; (2) act as conditioned reinforcers, thus reinforcing drug-seeking actions even in the absence of the drug; and (3) induce a conditioned motivational state ('wanting') that can instigate seeking behavior and/or invigorate ongoing behavior (Milton and Everitt, 2010) .
There is, however, considerable individual variation in the degree to which reward cues, including drug cues, are attributed with incentive salience Saunders and Robinson, 2013a) . If delivery of a food pellet (the unconditional stimulus, US) is paired with extension of a lever (the conditional stimulus, CS), in some rats ('signtrackers', STs; Hearst and Jenkins, 1974 ) the CS itself is attributed with incentive salience, as indicated by the fact it is approached and engaged, and it serves as an effective conditioned reinforcer ). Other rats ('goal-trackers', GTs; Boakes, 1977) go to the location of food delivery upon presentation of the CS, and the CS is not a very effective conditioned reinforcer in GTs. Thus, the food cue is an effective CS for both STs and GTs, but it does not function as an especially attractive or desired incentive stimulus in GTs (Meyer et al, 2012) . Importantly, the propensity to attribute incentive salience to a food cue predicts the extent to which a discrete cocaine cue acquires all three properties of an incentive stimulus. A discrete cocaine cue (a light) elicits approach into close proximity with it (Flagel et al, 2010; Yager and Robinson, 2013) , serves as an effective conditioned reinforcer (Saunders and Robinson, 2010; Yager and Robinson, 2013) and evokes conditioned motivation (Saunders et al, 2013b) , to a greater degree in STs than GTs, as do interoceptive cues associated with cocaine . Given that STs are more susceptible to the motivating properties of discrete drug cues, we have suggested that STs may be more prone to addiction Saunders and Robinson, 2013a) .
However, in previous studies we never examined another class of drug cue that is very important for producing relapse-context. Contextual stimuli can also acquire Pavlovian motivational properties, and can contribute to relapse by multiple processes dependent on somewhat different neural mechanisms, compared with discrete cues (Crombag et al, 2008) . We asked, therefore, whether STs and GTs differ in the extent to which a context associated with cocaine administration acquires motivational control over behavior, using two different procedures: (1) cocaine context conditioning and (2) cocaine context renewal of drug-seeking behavior. To our surprise, and opposite to our previous studies using discrete cues, a cocaine context acquired greater control over motivated behavior in GTs than STs, and this was dependent upon dopamine signaling in the nucleus accumbens core.
MATERIALS AND METHODS

Pavlovian Conditioning
Male Sprague-Dawley rats were classed as 'STs' or 'GTs' based on their propensity to approach a cue associated with food reward, or the location of food delivery, respectively, using procedures described previously (Saunders et al, 2013b ; see the Supplementary Materials for detailed methods). Note that, from cohort to cohort, the number of rats classified as STs and GTs varies (see Supplementary Materials), so final group sizes are not necessarily equal. A total of 105 STs and 66 GTs were used.
Cocaine Context Conditioning (Experiments 1 and 2)
Following Pavlovian training, STs and GTs (N ¼ 48) were assigned to drug-paired or drug-unpaired conditions, resulting in four groups: experiment 1: GT-unpaired (n ¼ 5), GT-paired (n ¼ 6), and STpaired (n ¼ 19) . Rats were first placed in conditioning chambers (Supplementary Materials) for a 40-min habituation session, followed by six daily 30-min conditioning sessions. Rats in the paired groups received an i.p. injection of cocaine (10 mg/kg) immediately before being placed in the chambers, followed by an injection of saline in the home cage, 20 min after removal from the conditioning chambers, and 50 min after the original injection. Rats in the unpaired groups received the opposite injection schedule. On the 7th day, all rats received a saline injection before placement in the conditioning chambers. Behavior was video recorded for analysis. An independent replication of this study (experiment 2: N ¼ 27; GT-unpaired (n ¼ 5), GT-paired (n ¼ 5), , and ST-paired (n ¼ 9), see Supplementary Materials) was also conducted, using a different apparatus to quantify motor activity.
Individual Variation in Context-Induced Renewal of Cocaine Seeking (Experiment 3)
Following Pavlovian training, an independent cohort of rats (N ¼ 42) were outfitted with an intravenous jugular catheter (Supplementary Materials). Cocaine self-administration training sessions were conducted in operant chambers with two nose poke ports, configured to provide one of two unique environmental contexts that differed along auditory, visual, olfactory, and tactile stimulus modalities (based on previous studies, eg , Fuchs et al, 2005) . One context contained a continuous white house light, pine odor, and wire mesh floor. The other context contained a continuous red house light, continuous white noise, vanilla odor, and a bar floor. These stimuli were present throughout the entire session, independent of behavior. Contexts were counterbalanced across all groups (Supplementary Figure S2) . A nose poke into the active port resulted in an i.v. infusion of cocaine hydrochloride (NIDA, MD) dissolved in 0.9% sterile saline (0.4 mg (weight of the salt) per kg per infusion in 50 ml delivered over 2.6 s) on a fixed ratio (FR) 1 schedule. Coincident with the start of an infusion was an unsignaled 20-s timeout period, during which nose pokes were recorded, but had no consequences. No discrete cues (eg, light or tone) were explicitly paired with drug delivery at any point during testing. In addition, we imposed an infusion criterion (IC) on sessions (ie, session length was determined by the time it took each rat to reach the IC) to ensure that all rats received the same amount of drug (Saunders and Robinson, 2010) . Rats were initially allowed to take 5 infusions per session for three sessions, and the IC was then increased to 10, 20, and then 40 infusions for three sessions each, for 12 total training sessions. Rats next underwent seven consecutive 2-h extinction sessions, where responses had no programmed consequences. Extinction was conducted in either the self-administration context (COC context group-AAA design) or in the other, alternate context, never experienced before (ALT context group-ABA design), resulting in four groups: GT-COC (n ¼ 5), GT-ALT (n ¼ 11), ST-COC (n ¼ 13), and ST-ALT (n ¼ 13).
Renewal test. The day after the last extinction session, rats in the COC context groups were placed again in the cocaine-training context for one additional 2-h test session, while rats in the ALT context groups were reintroduced to the context where they previously self-administered cocaine. During this test session, nose pokes were recorded but had no consequences.
The Role of Accumbens Core Dopamine in Cocaine Context-Induced Renewal (Experiment 4)
For a separate cohort of rats (N ¼ 54), all procedural details leading up to the renewal test were the same as described above.
Renewal test. Following extinction training, ALT and COC STs and GTs were assigned to vehicle (saline) or flupenthixol (15 mg in 0.5 ml/hemisphere saline) treatment groups. This resulted in eight groups:
This dose of flupenthixol was based on previous studies (Saunders and Robinson, 2012) where no nonspecific motor effects were found and, importantly, this dose failed to impair the expression of goal-tracking Pavlovian approach. On the day of the renewal test, rats received a microinjection into the NAc core before being placed in the test chambers 10-15 min later (Supplementary Materials).
Histology
After behavioral testing, rats in experiment 4 were killed via carbon dioxide overdose and their brains were flash frozen, sectioned, mounted on slides, and stained with cresyl violet. Microinjection sites were verified by light microscopy and plotted onto modified drawings from a rat brain atlas.
Statistical Analyses
Linear mixed-models analyses of variance (ANOVA) were used for all repeated-measures data. Depending on the best-fitting covariance model (Verbeke, 2009) , the degrees of freedom may have been adjusted to a non-integer value. Video captured for experiment 1 was analyzed using video-tracking software (Topscan, Clever Sys., Reston, VA). Two-way ANOVAs and planned t-tests were used to compare group responding during locomotor and renewal tests. A Pearson's correlation was used to compare degree of sensitization with test day locomotor activity in experiment 2 and the relationship between PCA score and renewal behavior in experiment 3. Data were analyzed using SPSS software. Statistical significance was set at po0.05.
RESULTS
Individual Variation in Pavlovian Conditioned Approach Behavior
Similar to our previous reports (Saunders and Robinson, 2012) , we found large variation in the type of conditioned responses that different rats made during Pavlovian training (Supplementary Figure S1) . Rats classed as STs, which preferentially directed their CR toward the CS (lever), were defined as those with PCA index scores ranging from þ 0.3 to þ 1.0 (Supplementary Materials). Rats classed at GTs, which preferentially directed their CR toward the food cup during the CS period, had PCA index scores ranging from À 0.3 to À 1.0. The remaining rats with scores ranging from À 0.29 to þ 0.29, which vacillated between CS-directed and food cup-directed CRs, were excluded.
Individual Variation in Cocaine Context Conditioned Hyperactivity
Experiment 1. Figure 1 shows that on the test day, when all groups received saline before placement in the test chamber, GTs showed greater conditioned hyperactivity than STs, as indicated by a significant phenotype by drug condition interaction (F (1, 44) ¼ 8.730, p ¼ 0.005). Indeed, planned comparisons showed that paired GTs differed from unpaired GTs (t (9) ¼ 4.733, p ¼ 0.0005), but unpaired and paired STs did not differ (p ¼ 0.14). In addition, paired GTs were significantly more active than paired STs (t (23) ¼ 3.460, p ¼ 0.001).
Experiment 2. In this experiment, we also examined locomotor activity during the training (conditioning) phase. Unpaired rats that received saline in the test chamber had a lower level of activity than paired rats, which received cocaine, throughout training. There were no group differences in the acute locomotor response to cocaine on day 1 (Figure 2a) . By day 5, paired rats showed evidence of sensitization, showing greater cocaine-induced locomotor activity than on day 1 (F (1, 24) ¼ 14.359, p ¼ 0.001). Although it appeared as if GTs showed more robust sensitization than STs, this effect was not significant (phenotype by day interaction, F (1, 24) ¼ 3.058, p ¼ 0.093), which may have been due to the relatively small group sizes. However, on the final day of conditioning, paired GTs made significantly more beam breaks, relative to paired STs (t (12) ¼ 2.178, p ¼ 0.025). In addition, among all paired rats, the degree of change in activity between days 1 and 5, an index of sensitization, was significantly correlated with the amount of conditioned activity on the drug-free test day (R 2 ¼ 0.39, p ¼ 0.008; Figure 2b ).
On the test day, there was a significant phenotype by drug condition interaction (F (1, 23) ¼ 4.799, p ¼ 0.039), indicating that GTs showed greater conditioned hyperactivity than STs (Figure 2c) , which is qualitatively similar to experiment 1. Indeed, although both paired STs (t (15) ¼ 5.109, po0.001) and paired GTs (t (8) ¼ 6.632, po0.001) had significantly more breaks than their unpaired counterparts, paired GTs showed significantly more photocell breaks than paired STs (t (12) ¼ 4.289, po0.001).
Acquisition of Cocaine Self-Administration Behavior
Similar to previous reports using the IC procedure 
Extinction Training
There were no group differences in the number of active responses during extinction training for groups extinguished in the cocaine context, or a novel context (no effect of group, F (3, 38) ¼ 0.758, p ¼ 0.525; Figure 3c ), and all groups extinguished at similar rates (no group by session interaction, F (18, 38) ¼ 1.64, p ¼ 0.099). Although ST-COC rats appeared to respond more on the first extinction session (Figure 3c ), suggesting they are more resistant to extinction, this was not seen in experiment 4 (Supplementary Figure S3) , nor in previous studies (eg, Saunders and Robinson, 2011) , where we have never found systematic differences in operant extinction. Figure 4 illustrates the ability of the cocaine-associated context to renew cocaine seeking in STs vs GTs. Rats that were extinguished in an alternate context, when returned to Individual variation in the ability of a cocaine-associated context to renew cocaine seeking. Experiment 3. Mean ( ± SEM) number of responses made in a single 2-h reinstatement test session in the cocaine training context for STs and GTs that had been extinguished in either the cocaine training context (COC groups: GT n ¼ 5, ST n ¼ 13) or a novel, alternate context (ALT groups: GT n ¼ 11, ST n ¼ 13). All groups were tested for renewal in the cocaine training context. Bars represent active nose pokes and dotted lines represent inactive nose pokes. **po0.01.
Individual Variation in Context-Induced Renewal of Cocaine Seeking
the cocaine-associated context, made significantly more cocaine-seeking responses, as measured by active nose pokes, than rats extinguished in the cocaine training context (effect of context, F (1, 39) ¼ 28.058, po0.001). Importantly, although STs showed significant renewal (ST-ALT vs COC, t (24) ¼ 2.838, p ¼ 0.0045), GTs showed more robust context renewal of cocaine seeking than STs, as indicated by a significant phenotype by context interaction (F (3, 38) ¼ 8.607, p ¼ 0.006). Furthermore, the strength of renewal behavior among GT-ALT rats was correlated with the intensity of their previous goal-tracking behavior, as measured by the PCA score (R 2 ¼ 0.339, p ¼ 0.03), suggesting the tendency to goal track predicts cocaine context renewal.
We additionally analyzed the time course of renewal effects, which showed that, relative to STs, GTs maintained elevated responding throughout most of the test session (Supplementary Figure S4; see Supplementary Materials for details).
Effects of Flupenthixol on Cocaine Context-Induced Renewal of Drug Seeking
In this experiment Pavlovian, self-administration, and extinction training were the same as above (Supplementary Figures S1 and S3 ). For the renewal session, we first compared rats that received vehicle before the test session. Figure 5 shows that, as in the previous experiment, GTs showed more robust context renewal of cocaine seeking than STs, indicated by a significant phenotype by context interaction (F (1, 24) ¼ 12.342, p ¼ 0.002). Flupenthixol suppressed cocaine seeking in both GT and ST ALT groups relative to vehicle (effect of treatment, F (1, 27) ¼ 41.403, po0.001), but did so to a significantly greater degree in GTs relative to STs, as indicated by a significant phenotype by treatment interaction (F (1, 24) ¼ 17.712, po0.001) . Note, however, that the preferential reduction in GT behavior could partly be due to a floor effect on responding in STs. Importantly, flupenthixol suppressed active responses to a greater extent than inactive responses among ALT GTs (significant treatment by nose poke interaction for ALT GTs, F (1, 26) ¼ 31.624, po0.001), but not ALT STs (no treatment by nose poke interaction for ALT STs, F (1, 28) ¼ 2.994, p ¼ 0.095), suggesting that the effect of flupenthixol was to attenuate GT drug-seeking responses specifically, and was not due to nonspecific motor impairments. Within the COC groups, flupenthixol slightly decreased active nose pokes (effect of treatment, F (1, 19) ¼ 7.238, p ¼ 0.014), doing so for GTs but not STs (t (7) ¼ 0.476, p ¼ 0.324), suggesting that flupenthixol may have also attenuated any residual drug-seeking motivation in those GTs. The location of microinjection tips within the NAc core for rats used in experiment 4 are shown in Supplementary Figure S5 .
DISCUSSION
There is considerable evidence that, relative to GTs, STs attribute greater incentive salience to discrete localizable cues associated with either food or cocaine reward, assessed using a variety of procedures Saunders and Robinson, 2013a) . Of particular importance, both discrete and interoceptive cues are more effective in evoking conditioned motivation ('wanting') for cocaine in STs than GTs Saunders et al, 2013b) . Assuming the ability of a cocaine-associated context to produce conditioned hyperactivity, and to renew drugseeking behavior, is also due at least in part to its ability to produce conditioned motivation (discussed below), we hypothesized that it would do so to a greater extent in STs than GTs. To our surprise, we found the opposite-greater contextual control over behavior in GTs than STs. Furthermore, context-induced renewal was blocked by DA antagonism in the core of the accumbens. This raises a number of questions concerning the psychological and neural mechanisms by which different classes of reward cues influence behavior in different individuals.
Pavlovian Conditioned Motivation
When a cue is paired with delivery of a reward it may itself acquire Pavlovian incentive motivational properties, which can be revealed by assessing the extent to which it becomes attractive, acts as a conditioned reinforcer and/or evokes conditioned motivation for the reward, thus instigating or invigorating seeking behavior (Cardinal et al, 2002) . Although these three psychological properties of an incentive stimulus are dissociable, comprising 'three routes to relapse', they often act in concert (Milton and Everitt, 2010) . In order to understand the current results, we need to discuss which of these (or other) psychological processes may have produced our results.
Cocaine Context Hyperactivity
There is a large literature showing that reward-associated stimuli, including contexts, produce psychomotor activation (eg, Baumeister et al, 1964; Hinson and Poulos, 1981) . 
, and ST-ALT-FLU (n ¼ 8). All groups were tested for renewal in the cocaine training context. Bars represent active nose pokes and dotted lines represent inactive nose pokes. *po0.05; **po0.01; ***po0.001. This is thought to reflect activation of a Pavlovian conditioned motivational state, but in the case of context conditioning, the animal has no opportunity to approach or engage a specific cue, so it is expressed as psychomotor activation (Baum and Bindra, 1968; Campbell, 1960; see Wise and Bozarth, 1987 for a detailed discussion).
Context-Induced Renewal
Multiple psychological processes can contribute to the ability of a drug-paired context to renew drug-seeking behavior. For example, as reviewed by Crombag et al (2008) , a drug context can acquire excitatory Pavlovian CS properties, and/or the ability to act as an 'occasion setter', modulating behavior in a hierarchical manner (Bouton, 2002; Crombag et al, 2008) . In many studies of context renewal, upon re-exposure to the drug context a seeking response triggers the presentation of a discrete drug cue (CS) that was previously associated with drug self-administration, but had been extinguished (eg, Bossert et al, 2007; Crombag et al, 2008) . With this procedure, the context is thought to renew the conditioned reinforcing effects of the discrete CS-thus, drug-seeking behavior is maintained primarily by response reinforcement.
However, in this study, and in a series of studies by Fuchs et al (2008) and Lasseter et al (2014) , no discrete CS was associated with drug self-administration. With this procedure, context-induced renewal may occur because the drug context acts as an 'excitor' that arouses a conditioned motivational state ('wanting'), thus instigating instrumental drug-seeking actions (Crombag et al, 2008; Holland and Bouton, 1999) . This interpretation is consistent with our finding that exposure to a cocaine-associated context produced great conditioned hyperactivity in GTs than STs. However, with the data available we cannot rule out the possibility that the cocaine context exerted its effect via action as an occasion-setter, or by its simultaneous action as an occasion-setter and an 'excitor' (Bouton, 1993) . Indeed, it is even possible that our results are not a reflection of the cocaine context gaining greater excitatory control over behavior in GTs, but rather the extinction context may have gained differential inhibitory control over responding in GTs vs STs, such that removal of that inhibitory context during the test session facilitated greater renewal in GTs. The fact that STs and GTs had identical behavior during acquisition and extinction suggests this was not the case, but to fully rule out this interpretation will require additional studies using different renewal designs (eg, an ABC design; Bouton et al, 2012) .
Neural Systems Underlying Context Conditioned Motivation
Although we did not directly assess the role of DA in the conditioned hyperactivity effects, multiple studies have demonstrated that DA signaling, particularly within the NAc (Franklin and Druhan, 2000; Gold et al, 1988; Hemby et al, 1992) , is responsible for conditioned hyperactivity following contextual conditioning to drugs. The literature regarding the neural systems regulating context renewal of drug seeking is more complex. Many studies (reviewed in Crombag et al, 2008) used the procedure whereby context renews the conditioned reinforcing effects of a discrete drug-paired cue. The neural mechanisms responsible for conditioned reinforcement and for conditioned motivation are not identical (Cardinal et al, 2002) , and so these studies may not be directly relevant to the current results. This difference may explain why a previous study (Bossert et al, 2007 ; but see Chaudhri et al, 2009) found D1-receptor antagonism in the shell, but not core, blocked context renewal of heroin seeking in the presence of discrete cues. However, using the same procedure as we did here, Fuchs et al (2007 Fuchs et al ( , 2005 Fuchs et al ( , 2008 and Lasseter et al (2014) have characterized a network of regions merging on the NAc core, including dorsal hippocampus, basolateral amygdala, and prelimbic cortex, which is necessary for contexts alone to instigate drug seeking. Until now, however, it was unknown if DA signaling within the NAc core was needed for cocaine context renewal. Our results indicate that it is. Thus, we suggest that both the conditioned hyperactivity and renewal of drug seeking instigated by the cocaine context in GTs reflects, at least in part, the activation of a DA-dependent motivational state.
Individual Differences in Control Exerted by Different Types of Cues
The idea that context acquires greater control over behavior in GTs is also consistent with experiments using an aversive US. Morrow et al (2011) reported that GTs show more conditioned freezing in response to a fearful context, relative to STs, whereas STs show greater discrete cueinduced fear. In addition, it is relevant we recently found that occasion setters (Crombag et al, 2008) exert greater control over responding to a Pavlovian CS in GTs than STs (Ahrens and Robinson, 2013) . Taken together, these results suggest GTs more readily rely on contextual cues, and STs on discrete or punctate cues, irrespective of extinction training or the motivational valence or associative nature (instrumental or Pavlovian) of the setting. However, it remains to be determined exactly what psychological propensities give rise to such variation in the ability of various classes of environmental stimuli to gain control over motivated behavior (see also Meyer et al, 2014) . Although we have emphasized a motivational interpretation here, we readily acknowledge there are a number of other interacting processes that could contribute to such variation, from visuospatial (Hickey et al, 2010; Hickey and van Zoest, 2012) to attentional processes, to variation in the content of learning (Clark et al, 2012) . For example, we have reported that STs do not perform as well as GTs on a test of sustained attention, which requires monitoring the occurrence of brief visual stimulus presentations (Paolone et al, 2013) , and STs are also, on average, more prone to impulsive actions (Lovic et al, 2011) .
Implications for Thinking about Individual Differences in the Propensity for Addiction
In previous studies, we have shown that it is possible to predict, based on the tendency to attribute incentive salience to a discrete food cue, and before any drug experience, which animals will show the highest likelihood of cue-induced relapse/reinstatement Saunders and Robinson, 2013a) . Based on these studies, we suggested that STs may be especially vulnerable to addiction Saunders and Robinson, 2013a) . However, the current results suggest a more complex, but potentially more interesting hypothesis. It seems that STs and GTs instead have different vulnerabilities stemming from how they process motivationally relevant information. That is, different individuals may be sensitive to different 'triggers' of maladaptive drug seeking and relapse, suggesting there are multiple pathways to addiction-like behavior for different individuals. As a consequence, different addicts could require interventions tailored to their particular vulnerabilities. Understanding the complexity of how different classes of drug cues preferentially acquire motivational control over behavior in different individuals will be important in the development of effective individualized treatments.
